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ABS'I'RAC'T 
Fragments of stripped and unstripped human skin were cultured in vitro and pulse· 
labelled with tritiated thymidine at 24-hr inten·als. The stimulation of proliferation due to 
stripping was measured on autnradiographs as the increase in number of cells incorporating 
tritiated thymidine. The DNA synthetic activity of stripped specimens rose to lO times the 
basal level hy the .Jth day ol culture. Such a large increase cannot be accounted for by a 
uniform accl'leration of all phases of the cycle and other interpretations are discussed. 
D-glucosamine added to the culture medium was found to inhibit the increase in D::-.IA 
synthetic acti\'ity found in stripped ~pecimens,. 
The low level ol mitotic activity of human 
epidermis is drastically but transiently increased 
by cellophane-tape stripping [ 1]. increased mitotic 
activity has also been demonstrated when skin 
specimens are stripped and cultured in vitro [2] . 
The incorporation of tritiated thymidine into D::-.IA 
during the S pha~e of the cell cycle can be used for 
the study of cell kinetics, and the labelling index is 
used very widely as a measure of the rate of 
proliferation by assuming that the length of the S 
phase does not vary to any great extent . When the 
proliferation of at issue is stimulated under various 
conditions, one of the first. easilv detectable events 
is the large increase in the nu~ber ol cells which 
synthesize D::-.IA. The precise measure and timing 
of this event have led to recent information beyond 
that afforded by the mitotic index alone as to the 
nature of the cell population which responds to a 
given stimulation. According to Baserga [3) the 
large increase in D ·A synthetic acli\·ity observed 
in the liver after partial hepatectomy, or in the 
salivary gland after isoproterenol treatment, indi -
cates the release of a cell population which was 
blocked in the G, phase of its cycle. Gelfant and 
Smith [4) have shown that wounding of the ear 
epidermis of the mouse releases a few cells from the 
G, phase of the cycle besides the lar~er number of 
cells which are released from the G, phase of their 
cycle. These authors believe that the relative 
proportion of cycling and blocked cells varies with 
age and tissues. Requirements tor completion of 
the cycle after stimulation are determined by the 
position from which cells are released [5 J 
As a tirst step toward a better understanding of 
the mechanism of stimulation of proliferation by 
stripping, we measured by autoradiography the 
DNA synthetic activity in fragments of stripped 
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and unstripped human skin cultured in vitro. 
D-glucosamine, an inhibitor of tumor cell growth 
[6], was added to the culture medium to test its 
effect on the response oft he epidermis to stripping. 
\1ATERIALS A:-<D METIIOD 
Human skin was obtained from mastectomy speci-
mens A 2" 3 r(>Ctanl(le was firm!\ pinned down on a 
wooden board and the surface was "tripped by pressmg 
on and peeling off ribbons of cellophane adhestve ta)le 
(Scotch brand) 25 times. A surface layer of ~ktn. 0.4 mm 
thick. was removed with a keratotume and washed 
several times in Earle's balanced salt solution containing 
streptomycin and pentclilin .Multiple ,kin lragments 
approximately 3 • 2 mm were placed in culture on rafts 
made of cellulose ~ponge. The culture medium consisted 
of 2.5 ml of Eagle'h minimum essential medium contain-
ing 10'1t calf ~erum and streptomycm and penicillin at 
concentrations of 100 !lg and 200 units/ ml of medium, 
respectively When tndicated, 0-gluco;;amine hydrochlo· 
rtde !Nulritumal Biochemicals Inc I was added at a 
concentration of I mJdml of medium Cultures were 
incubated in a water-jacketed incubator at a temperature 
of 36° C and at 98'• relative humidtty, in an atmosphere 
at fl<:', C01 in air which matntained the pH at i .2. The 
culture media were renewed every 1rd day. Media with or 
without gluco!;amine equilibrate very quickly to an OP· 
timum pH of i.2 when placed in the incubator. Unlike 
glucosamine-containtng media, standard media rise 
above the opttmal pH in the natural atmosphere. in order 
to minimize the possible effect of a change in pH on the 
differentiation of the tissue. when the effect of glucooa· 
mine was studied. all culture manipulations were com· 
pleted as quickly as possible. For labelling. thymidine 
methyt-•H (New England Nuclear) (specific activity, 20 
curies/mMl. was w;ed in the culture media at a concen-
tration of 2 !lC!ml. E\'ery 24-hr. representative sample~ of 
the cultured l'kin were incubated for I hr in the radioac-
tive medium and fixed in Carnoy's lluid 
After paraffin embeddin!(, secttons were cut at 6 
micron:;. Slides selected fur autoradiography were washed 
fur 20 min in a 4'.·, solution of perchloric acid at 4° C' 
Autoradiographs were prepared by the dipping tecb.nique 
according to Kopriva and Leblond [71 with Kodak 
NTB-2 emulsion and were exposed for 21 dnys at 4° C' in 
the dark. They were developed in 0-19 developer for 2 · 
min and fixed tn the Kodak rapid fixer and hardener for 5 
DNA SYNTIIESIS IN CULTURES OF STRIPPED SKIN 75 
min. They were washed m tap water for 30 min and 
staaned with hematoxylin 
A 2 rom/surface length of epidermis was chosen as a 
unit for recordin~ labelled nuclei. Two to three explants 
were removed from each culture at 24-hr intervals. Four 
to 6 sections in the central portion of each explant were 
mounted per slide and a 2-mm len~th of each secllon 
toward the center was selected for countin~. Eight or 
more different counts were made from each sample in a 
total of 16 culture serie~. 
RESULTS 
Figure 1 shows the number of labelled cells in a 
2-mm surface length of !'tripped and unstripped 
specimens on successh·e days ol culture. In 
stripped spec1mem; the DNA synthetic activity is 
low during the first two days of culture. It rises 
sharply on the 3rd day to reach 10 times its basal 
le\'el on the 4th day and decreases thereafter. We 
observed great individual variations among skin 
spec1mens as to the extent of the synthetic activity. 
In unstripped specimens the activity on day I is 
comparable to that of stripped specimens. lt de-
creases on day 2 and remains below the basal level 
during the rest of the experiment. 
Our observations concerning the histologic as-
pect of unstripped and stripped human epidermis 
in cultu re are m agreement with the previous 
observations of Reaven and Cox [2]. During the 
first two days in culture the superficial layer of the 
skm was parakeratotic. An increased number of 
irregular and deep rete ridges protruded into the 
dermis, and basal cells took an orientation perpen -
dicular to the dermal epidermal junction. These 
cells were more prominent than in the unstripped 
tontrols. We did not obser\'e a preferential locali -
zation of labelling in the rete ridges. In the 
following days a thick zone of basaloid cells devel -
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oped and all the radioactivity was found in these 
cells (Fig. 2). During the 4th and 5th day in some 
specimens, Lhe formation of a new granular layer 
was observed (Fig. 3) oflen accompanied by an 
anuclear horny layer: in other specimens parakera-
tosis persisted and there were fewer granular cells. 
There was no relationship between the differentia-
tion of the superficial layers and the labelling 
index. 
In fragments of skin that were not stripped, the 
thickness of the epidermis remained stationary for 
a few days when there was little parakeratosis, or 
decreased very quickly when parakeratosis ap-
peared early. After the 6th day of culture only 
basal cells and parakeratotic sheets remained. 
Figure 4 shows the number of labelled nuclei in 
stripped specimens cultured in media containing 
glucosamine and in duplicate fragments cultured 
in standard media. Glucosamine inhibited to a 
large extent the enhanced DNA synthetic acti\'ity 
which was observed in stripped samples. The 
inhibition was complete on days 3 and 4 in three 
culture series and was only partial in the fourth. 
The epidermis of stripped specimens cultured on 
media containing glucosamine was thicker than 
that of um;tripped fragments cultured with or 
without glucosamine. The histologic appearance 
was not very diffePent from that of controls except 
that the basal zone was not enlarged. After the :3rd 
day of culture, spinous cells were slightly separated 
from each other !Fig. 5) and bridges between the 
cells were prominent. Perinuclear vacuoles were 
also seen in some spinous cells. These morphologic 
changes were sometimes observed in histologic 
preparations of control specimens but less fre-
quently. As in controls, a granular layer appeared 
in some glucosamine-treated specimen~ after the 
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F1c; 1: 0:-\A syntheuc acti,•ity in ~>lnpped and unstnpped skin in culture, recorded as the number of labelled cells 
per 2-mm surface length of epidermis. Bars indicate l>tandard error of the mean. Figures in parentheses indicate ~ numben. of sample~. 
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F1c. 2: Autoradiograph from a 4-day-old culture of stripped skin. ( x 400) 
Flo. 3: Four-day-old culture of stripped skin illustrating the de novo formation of granular cells. <Hematoxylin/ 
eosin stain, x 635) 
4th day of culture. Granular cells were often quite 
large (Fig. 6) . Occasionally all the cells above the 
basal layer contained granules. and parakeratosis 
was often quite extensive. 
DISCUSSION 
Our data establish that 8 to 10 times more cells 
synthesize DNA in the basal zone of the human 
epidermis 4 days after stripping than in unstripped 
skin cultures. This increase in synthetic activity is 
reflected later as an increase in mitotic figures, as 
the experiments of Reaven and Cox [2] have 
shown. The delay in the response that appears in 
our data when compared to the observations of 
Reaven and Cox may be explained by differences 
in experimental procedures such as the different 
temperature at which our experiments were run. 
The number of cells in the S phase 3 and 4 days 
after stripping cannot be explained by a uniform 
acceleration of each phase of the cycle. More cells 
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FIG. 5 Four-day-old culture of »tripped skin in a mediUm con taming glucosamine. (Hematoxylin/eosin stain. , 
400) 
enter the S phase than would enter even if the cycle 
were considerably but uniformly shortened. and 
• they are brought into the cycle with a partial 
synchroniza tion as a result of stripping. Several 
interpretations come to mind as tu the possible 
nature of this mechanism: In any epidermis, a 
certain number of cells contained in the basal layer 
a re destined to differentiate and leave the prolifer-
ative pool. According to a study by Iversen. 
• Bjerknes, and Devik [8) made on the hairless 
mouse skin. hasal cells which will be pushed out of 
the proliferative compartment remain in the basal 
layer for more than 48 hr after t he last divis10n 
and, in addition, 14 percent of all di\'isions of basal 
cells result directly in one daughter cell which will 
differentiate. Those G, cells might remain in or 
return to the proliferative pool as a result of a 
metabolic change due to s tripping, thus increasing 
the number of cells entering the S phase. This 
interpretation is supported by the observation of 
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Fto. 6: Granular cells in a 5-day-old culture ol stripped ~kin in a medtum containing gluco~amine. ! >c 6:15) 
an increased number of labelled celb and mttottc 
figures above the basal layer alter stripping. An· 
other possibility is that stripping acttvates Go cells 
{resting cells or G,-blocked cells) although the:>e 
have not been demonstrated in the ba~al layer of 
the human epidermis. The demonstration of their 
existence in the epidermh; of laboratory anima hi is 
fragmentary. The continuous labelling of hairle~s 
mouse cells by repeated injection of l ritiated 
thymidine re~:;ults in 100% labelling of the basal 
layer of the epidermis after .t days 18] Thus all the 
cells of the basal layer which are not differentinttng 
in a 2-month-old hairless mouse belong to the 
proliferative pool. According to Gell'ant and Smith 
(4], however, some cells may become blocked tn a 
a. phase with advancing age and mny be available 
to reenter the proliferati\'e pool upon stimulation. 
If one assumes, on the other hand, that all the cells 
of the basal layer with the exception of the 
daughter cells which differentiate are actually 
cycling, then there would be many celh. in the G1 
phase of the cycle at any one time. Stripping might 
precipitate the completion of the G 1 phase in ull 
cells which would enter the S phase wtth a partaal 
synchronization . 
·Clearly, more experiments are needed to decide 
among these different interpretations: the present 
data will be used as a basis for further experiments. 
We plan to test the dependence of our system in 
vitro on early metabolic events such as the synthe-
sis of acidic proteins required, according to Stein 
and Baserga (9). for the relea~e of a G,-block and 
the effect of hydroxyurea which affects regularly 
cycling cells differently from stimulated cells 110]. 
Glucosamine, first used by Quastel and Cantero 
as an inhibitor of tumor cell growth, has been used 
by Hambrick and Handwerger [11] on culturl!!l of 
human skm lrom normal and psonatic subjects. 
The DNA synthetic activity observed by these 
authors in ~-day old cultures of unstripped skm 
exposed lor 18 hr to tratiated thymidine wa~; not 
found under! he wnditions of cultun: and lohelling 
that we used. The prominence oft he granular layer 
in stnpped spectmens cultured on media contain-
ing glucosamine was strtktnl! However. the signiti-
cance of the effect of ~lucosamme on granular cell 
production has not been clarified by our experi-
ments which did not determine the transit time of 
ba:;al cells through thl' different layers ol l he 
epadermis under the dillerent conditions of culture. 
The large increase in DNA synthetic activity that 
we observed in stripped skin specamens after 4 days 
of culture was largely inhibited by addition of 
glucosamine to the cuJture medium Recent stud-
ies by Bekesi and Winzlrr [12J ha\'e confirmed the 
inhibitory effect of glucosamine on tumor cell 
growth, showed that glucosamine injected into 
rats bearing Walker carcinosarcoma accumulates 
as UDP-N-acetylhexosamine, and suggested that 
its effects on DNA synthesis are due to the deple-
tion of the uridine nucleotide pool by the formation 
of th1s amino !lugar nucleotide. After injection of 
glucosamine, tumor cells became necrotic while 
tissues of the host such as the liver and kidney 
were much less affected. The r~toration of the 
pro! iferative activity of the basal cells of the epider-
mis after removal of glucosamine from the culture 
medium will be tested in a subsequent phase of 
these studies. 
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